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We  experienced  2 patients  in which  occlusion  was  successfully  recovered  by a combination  of  surgical
subluxation  and  orthodontic  therapy  for adult  mandibular  impacted  teeth.  Of  these  cases,  the  tooth  in
one  case  was  still vital  after  completion  of  the  treatment.  Herein,  we  report  these  2  cases  with  a reviewccepted 1 June 2012
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. Introduction
There have been many reports on the treatment of perma-
ent impacted teeth by fenestration and guided traction. However,
he majority of these cases were performed during the stage of
rowth and development [1], and there have only been a few
eports of adult cases, in particular, reports of ankylosed teeth
re rarely seen. When tooth movement cannot be expected in
esponse to orthodontic forces, osseous ankylosis is suspected and
he treatment period or treatment plan should be changed [2]. A
ombination of guided traction and subluxation was  previously
pplied to some cases of ankylosed teeth [3], but no such treatment
as been performed in cases of impacted ankylosed teeth.
Herein,  we report our 2 cases in which occlusion recovery was
chieved by a combination of surgical subluxation and orthodontic
herapy for adult mandibular impacted teeth with a review of the
iterature.
. Case reports
.1.  Case 1A  57-year-old woman. Her medical history and family history
ere unremarkable. Present illness: The patient was aware of the
resence of impacted teeth in the left mandibular molars, and
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ttp://dx.doi.org/10.1016/S1348-8643(12)00050-Xvisited the department with the chief complaint of the missing
teeth in the area.
According  to the oral ﬁndings, the left mandibular ﬁrst (#21)
and second premolars (#20) were absent and occlusal caries was
observed on the left mandibular ﬁrst (#19) and second molars
(#18). A panoramic radiography indicated that both premolars
were vertically impacted but there were no abnormal images, such
as a cyst, around them. Furthermore, there was bone resorption in
the root furcation of #19 (Fig. 1).
After #19 was extracted, the caries in #18 was  treated and a
temporary crown was set. After the bridge in the mandibular right
molars was removed, bands were placed on #18 and #31. They
were used for anchorage and a lingual arch was placed. A lingual
button was  bonded to the buccal surface of #20 after the fenes-
tration. Brackets were placed on the surfaces of the mandibular
anterior teeth and canines, and #18, and the stainless arch wire
with a crimpable hook on #19 was  placed in the mandible. A weak
orthodontic force was  applied using the elasticity of the above-
mentioned hook and a hook soldered to #20 at the site of the lingual
arch for the traction. However, as the tooth did not move at all, it
was  considered to be an ankylosed tooth and luxation was  per-
formed in order to continue the traction 3 months after starting
the treatment. When tooth movement was not seen during the
traction procedure, subluxation was  applied. The tooth was  suc-
cessfully guided to the dental arch 15 months after starting the
treatment. Next, subluxation of #21 was attempted but the tooth
was extracted due to severe osseous ankylosis. Endodontic therapy
was then performed on the nonvital tooth #20, and a bridge was
placed from the left mandibular canine (#22) to #18 as permanent
evier Ltd. All rights reserved.
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Fig. 1. Intraoral photograph and X-ray image at the initial examination. #20 and #21 were absent, but an X-ray image showed they were completely impacted. There were
no  abnormal images such as a cyst around them. Bone resorption was  observed in the root furcation of #19.
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iig. 2. Intraoral photograph and X-ray image at completion of the treatment. Endo
reatment, and a bridge was  placed from #22 to #18. Currently, the patient has bee
etention. The treatment was completed 26 months after starting.
s of 24 months after the completion of active treatment, there has
een no sign of inﬂammation of the periodontal tissues, mobility of
he bridge or resorption of the surrounding alveolar bone (Fig. 2).
.2. Case 2
A  26-year-old man. His medical history and family history were
nremarkable. The patient visited the department with the chief
omplaint of a missing left mandibular ﬁrst molar (#19).
The  left mandibular ﬁrst molar (#19) was absent and a
anoramic radiography indicated that it was a mesially-inclined
mpacted tooth. There were no abnormal images, such as an oral
yst (Fig. 3).
Bands  were placed on #18 and #30, and they were used for
nchorage and a lingual arch was placed. A lingual button was
onded to the buccal surface of #19 after the fenestration. Brack-
ts were placed on the surfaces of #18, #20, #21, and #22, and
he stainless arch wire with crimpable hooks was placed. A weak
ig. 3. X-ray image at the initial examination. #19 was  absent but an X-ray image
howed  that it was a mesially-inclined impacted tooth. There were no abnormal
mages such as a cyst around them.c therapy was performed on #20 which was a nonvital tooth at completion of the
wed up in excellent condition.
orthodontic force was  applied using the elasticity of the hook sol-
dered to #19 at the site of the lingual arch and the hook attached to
the distal side of #20 of the arch for the traction. When tooth move-
ment was not seen during the traction procedure, subluxation was
performed twice with careful attention to periodontium damage.
The procedure was  performed under local anesthesia that luxa-
tion to extent and the slight rotation and vertical dislocation were
applied using tooth extraction forceps and an elevator. The treat-
ment was  completed 27 months after starting. Superbond retention
with both adjacent teeth was performed temporarily because the
patient did not want to have wire retention. As of 18 months after
the completion of active treatment, #19 remains vital and tooth
mobility, resorption of the surrounding alveolar bone, and relapse
have not been observed (Fig. 4).3. Discussion
Osseous ankylosis is deﬁned as adhesion of alveolar bone and
cementum or dentin. The majority of the literature related to
Fig. 4. X-ray image at completion of the treatment. #19 was a vital tooth after
completion  of the treatment. Neither periapical resorption nor abnormal ﬁndings
of  the surrounding bone were observed.
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Table 1
Reports on a combination of subluxation and guided traction for treatment of ankylosed tooth (14 patients and 15 teeth in Japan: 1983–2011).
Publishment (year) Author Age/gender Tooth Frequency of subluxation Status of ankylosed tooth Prognosis
1994 Ishigame et al. 11/female #11 1 Erupted tooth Excellent
12/female #12 2  Erupted tooth Excellent
15/female #10  1 Erupted tooth Excellent
Seiko  Iijima 20/female #11 2 Impacted tooth Extracted
1995  Yoshinari et al. 11/female #6 3 Impacted tooth Extracted
2000  Fujii et al. 9/female #8 2 Erupted tooth Excellent
2001  Kanji Inudo 10/male #8 1 Erupted tooth Excellent
2004 Toshiaki  Arimatsu 15/female #30 1  Erupted tooth Excellent
Sakai  et al. 16/male #8 1 Impacted tooth Extracted
2005  Afanador et al. 11/male #9 1 Erupted tooth Excellent
2006  Noboru Imai 11/female #11 1 Impacted tooth Excellent
2008  Yoshiyasu Yoshikawa 28/female #19 1 Erupted tooth Excellent
2011  Our case (case 1) 57/female #21 1 Impacted tooth Extracted
#20 2  Impacted tooth Excellent
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nkylosed teeth deal with submerged teeth caused by tooth erup-
ion disorders, which are reportedly caused mainly by osseous
nkylosis [4], and ankylosed teeth, secondary to trauma and reim-
lantation/implantation [5]. There are various factors related to
he former disorder, such as heredity, local metabolic abnormal-
ty, infection, trauma, and hypercementosis [6]. Furthermore, an
nkylosed tooth may  develop, secondary to bone formation abnor-
ality, when mechanical factors, including occlusal stress, trauma,
nd orthodontic force, and the presence of an impacted tooth, a
eimplanted tooth, and inﬂammation induce cementum resorp-
ion.
In Case 1, the left mandibular ﬁrst and second molars were
ompletely impacted. We  speculated the reason for this might
e because the left mandibular ﬁrst and second primary molars
ere extracted before the exchange stage of the lateral segment
eeth and were not restored with prostheses. This might induce the
edial inclination of #19 and result in sufﬁcient space for the teeth.
urthermore, it might also be because osseous ankylosis developed
n both teeth for some unknown reason.
There have been virtually no reports of the incidence of anky-
osed teeth in Japan. The incidence rate of osseous ankylosis in
rimary teeth was 1.5–9.9% [7], and the rate in permanent teeth
as approximately 10% of that in primary teeth [8]. Arimatsu et al.
9] reported that 1 in 300 patients requiring orthodontic therapy
ad ankylosed teeth. The causes of osseous ankylosis, which is
aused by trauma occurring during the growth period, and those
hat are seen in impacted teeth are different and an ankylosed tooth
s sometimes overlooked. Accordingly, the prevalence remains a
atter of speculation.
As  seen in Table 1, 14 patients and 15 teeth, including our 2
atients and 3 teeth [10], have been treated by guided traction using
 subluxation method for ankylosed teeth in Japan, to date. Their
ge ranged from 9 to 57 years, with a mean age of 18.0 years. The
umber of adults was 4 (5 teeth) (33.3%), which indicated that the
atients were relatively younger. The frequency of subluxation was
nce in 9 teeth, which was the most common, twice in 5 teeth, and
hree times in one tooth, and the mean number of subluxation was
.46. Of these ankylosed teeth, the number of erupted and impacted
eeth was 8 and 7, respectively. The number of teeth in which trac-
ion was achieved was 11 (73%), while the number of teeth that
ere extracted because they did not move was 4 (27%). It is con-
idered that the extraction cases might not be reported, in which
ase, evaluation is not possible.
Treatment for an ankylosed tooth includes tooth extraction,
ollow-up, traction following subluxation, which was  applied to2 Impacted tooth Excellent
our  cases as a method to aggressively restore occlusion of the
ankylosed teeth, reimplantation [11], and osteotomy [12]. The suc-
cess rate of reimplantation of ankylosed teeth is relatively high
(83%) [9], but that of traction following subluxation is lower than
the former (70%) [8]. As described in Table 1, the success rate of
the method of traction following subluxation was 73%, which was
similar to the above-mentioned report.
The advantages of the subluxation method are that it is a simple
procedure with minimal surgical invasion and infection, and that
it has greater potential to not completely block blood supply to
the root apex compared with reimplantation, which means that
the method has the greater potential to maintain the vitality of the
tooth.
We fully explained the subluxation method to each of the
patients with ankylosed teeth and obtained their consent before
starting the treatment. As the teeth did not move, even after 3
months of traction, subluxation was  applied. As described above,
the advantages of this subluxation method are the reduced sur-
gical invasiveness, and the greater potential to maintain the
vitality of the teeth. Therefore, traction following subluxation is
selected as the ﬁrst-line therapy for ankylosed teeth. If such teeth
are not moved, it is desirable to apply additional procedures,
such as reimplantation. When osseous ankylosis is found during
orthodontic treatment, orthodontic therapy in combination with
subluxation should be considered in light of the characteristics
of each case, requests by the patient, and their time-dependent
burden.
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